The association between neighbourhood social cohesion and hypertension management strategies in older adults SIR-Hypertension (HTN) affects one in three adults in the USA [1, 2] , and three in ten individuals in New York City (NYC) [3] . Roughly half of older adults, the fastest growing age group in the USA, are currently hypertensive [1, [3] [4] [5] . Given HTN's increasing prevalence with age [2, [4] [5] [6] [7] [8] [9] , and projected increases in the number of older adults, morbidity and mortality related to HTN are likely to rise. Yet while HTN is a major risk factor for cardiovascular disease events [2, 6] , research indicates that only slightly over half of individuals with HTN have controlled blood pressure, which suggests a need to encourage HTN management [6, 10] .
Methods

Study design and data source
This is a cross-sectional study. The data are taken from the 2008 Health Indicators Project (HIP), a stratified sample of 1,870 older adults attending 56 randomly selected senior centres in all five boroughs of NYC. The HIP survey is a comprehensive structured instrument that used validated standardised questionnaire items from national and local surveys and the NYC Age-Friendly Cities Project. Following informed consent, face-to-face interviews were administered in the respondent's preferred language (English, Spanish, Russian, Chinese, Italian), taking an average of 75 min to complete. Individuals were excluded if they were younger than 60 years of age, were too ill to participate, or did not speak the selected languages. The study yielded a response rate of 76.7% and a refusal rate of 20.3%.
Study sample
The analytic sample was restricted to 930 hypertensive HIP participants who had complete data on all study variables. We selected the analytic sample by: (a) identifying respondents who reported that a doctor or health care professional had ever told them that they had high blood pressure (n = 1,024); (b) eliminating observations with missing data in one or more study variables (n = 174) and (c) restoring observations (n = 80) by multiply imputing the key neighbourhood-level independent variable: social cohesion. Multiple imputation was accomplished by imputing 10 values for missing items with an ordinal logistic model.
Outcome variables
We constructed six-related measures of HTN management. The primary outcome was a simple unweighted count of participants' responses for nine binary (1 = yes; 0 = no) HTN management strategies, listed in Appendix 1 (Supplementary data are available in Age and Ageing online). Owing to small cell size in the lowest (0) and highest (9) levels of HTN strategies, we collapsed categories, so that the response variable regarding HTN strategies ranges from 1 to 7.
The five secondary outcome measures, subsets of the primary measure, were constructed based on the results of factor analysis. While factor model eigenvalues suggested strong evidence for one valid underlying factor (supporting use of the primary outcome variable), the five groupings clustered in a rather intuitive fashion. As such, we created outcome variables to represent groupings for secondary analysis.
Three of the secondary outcome variables are multistrategy summary variables. Health compromising behaviour modifications included two strategies (reducing or quitting smoking and reducing alcohol consumption). Combining binary indicators as above, this summary variable ranged from 0 to 2 (alpha = 0.76). Equivalently constructed, Health behaviours (dietary salt reduction, weight control/reduction and additional exercise) ranged from 0 to 3 (alpha = 0.52) and Non-traditional HTN management strategies (dietary/ herbal supplements and health rituals) ranged from 0 to 2 (alpha = 0.38). Medication use and home measurement of blood pressure are single strategy outcomes, and were thus measured by binary variables (1 = yes; 0 = no).
Explanatory variable of interest and covariates
Neighbourhood social cohesion
Neighbourhood social cohesion was measured by a scale that was constructed using responses to the five survey items listed in Appendix 1 (Supplementary data are available in Age and Ageing online). Scale creation for the social cohesion variable used reverse-coded Likert responses (1 = very true to 4 = not at all true) for the final two items and summed responses over the five variables. In the resulting scale (range: 5-20; alpha = 0.75), higher values represent stronger neighbourhood social cohesion.
Covariates were selected from six domains of individuallevel factors: demographic, health status/disability, mental health, social support, expense difficulty and clinic access. Variables whose compositions are not obvious are described in Appendix 1 (Supplementary data are available in Age and Ageing online).
Analysis
Frequencies (with per cent) and means (with standard error) were employed to describe the sample. The multivariate analyses used Poisson regression for the composite measures, and binomial logistic regression for the singleitem outcome variables. To increase interpretability, Poisson regression coefficients were transformed to incidence rate ratios (IRRs), and logistic regression estimates were transformed to odds ratios. Continuous variables (social cohesion, social support, physical disability and PHQ-9 depression) were standardised to reflect a one-standard deviation change in each variable on regression estimates. Our models accounted for the multiple imputation of missing values in the neighbourhood variable by averaging model estimates over 10 full-model estimations. We statistically adjusted clustering of sample individuals within a senior centre.
Results
Characteristics of the 930 hypertensive HIP participants are presented in Table 1 . Multivariate regression results are described below.
Poisson regression results
Full set of hypertension management strategies (range: 1-7)
Social cohesion was positively associated with the composite (seven-factor) measure of HTN management in the fully adjusted model (Table 2 , column 2). For each one standard deviation (1 SD) increase in neighbourhood social cohesion, there was a 6% increase associated with the rate ratio of HTN management (IRR = 1.06; 95% confidence interval (CI) = 1.03, 1.10).
Health compromising behaviour modification (range: 0-2)
Social cohesion was predictive of reducing or eliminating smoking and drinking behaviours ( Table 2 , column 3). Each 1 SD increase in social cohesion increased the rate ratio of the health compromising behaviour modification outcome by a factor of 1.32 (IRR = 1.32; CI = 1.13, 1.55).
Health behaviours (range: 0-3)
Social cohesion was weakly associated with the outcome that included salt reduction, weight loss and exercise as a combined factor outcome ( Table 2 , column 4). Each 1 SD increase in social cohesion increased the rate ratio of the health behaviour by a factor of 1.03 (IRR = 1.03; 95% CI = 1.00, 1.07).
Non-traditional HTN strategies (0-2)
Social cohesion was not associated with non-traditional HTN management strategies ( Table 2 , column 5).
Logistic regression results
Medication
Social cohesion was not associated with medication management of HTN ( 
Home measurement of blood pressure
Social cohesion was associated with 24% increase in the log odds (OR = 1.24; CI = 1.05, 1.48) of measuring blood pressure at home ( Table 2 , column 7).
Discussion
This study evaluated the relationship between neighbourhood social cohesion and HTN management strategies among hypertensive older individuals attending senior centres in NYC. Our principal finding is that individuals who perceive higher social cohesion in their neighbourhoods practice more comprehensive HTN management. A secondary finding, revealed upon disaggregating the management strategies, is that there are especially salient effects of social cohesion on eliminating or reducing undesirable health habits, such as smoking and alcohol use, and on home measurement of blood pressure. Otherwise, we found a rather modest association between neighbourhood social cohesion and behavioural strategies (salt reduction, weight loss and exercise). Several previous investigations have reported that neighbourhood determinants may influence health behaviours [12, 14, [16] [17] [18] [19] [20] [21] , a conclusion that our study's results at least indirectly endorsed. Our discovery of a null association between social integration and medication use supports a study by Morenoff et al., in which they report no relationship between neighbourhood context and taking HTN medications [14] .
A number of limitations of this study must be highlighted. First, the cross-sectional design precludes any inference of causality. Second, our sample was not drawn from a true catchment area, which means that assessments of neighbourhood attributes may correspond to the geographic areas in which study participants reside, rather than the data collection area (i.e. senior centre). Third, the HTN data are self-reported, and are not accompanied by clinical blood pressure measurements. Finally, our analyses imply that more HTN management strategies are essentially better. This may not be so, especially where an herbal remedy may adversely interact with a pharmaceutical treatment or an unsupervised or physically inappropriate exercise regimen is harmful.
This research adds to the literature by demonstrating the potential importance of neighbourhood social factors, which underscores the need for clinicians to treat chronic disease with a multifactorial approach [5] HS, high school. *P < 0.05. **P < 0.01. ***P < 0.001.
relevance of neighbourhood social influences [17, 20, 22] . Our findings warrant further examination of social ecological pathways that encourage health-protective behaviours in older adults.
Key points
• Higher social cohesion was related to increased use of hypertension management strategies.
• Hypertension affects one in three adults in the United States with increasing prevalence with age.
• To reduce morbidity, challenges of chronic disease management must be addressed.
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